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PROGRESSION OF OSTEOARTHRITIS IN A MOUSE MODEL
OF OBESITY
M. Scully1, R. Dryer-Minnerly1, A. Bendele2, C. Kliwinski1,
V. Stojanovic-Susulic1, K. Picha1, T. Ort1
1Centocor, Radnor, PA; 2Bolder BioPATH, Boulder, CO
Purpose: Obesity is an important risk factor for both initiation and
progression of osteoarthritis (OA). Data suggest that metabolic as
well as mechanical factors mediate the impact of obesity on joint
damage. To further explore the link between OA and obesity, we
compared the progression of cartilage lesions in the knee joints
of diet-induced obese (DIO) and lean, control mice at different
ages and in mice with and without a surgically-induced injury.
Plasma cytokine levels were also analyzed to evaluate whether
the molecules involved in obesity-related, low-grade systemic in-
ﬂammation were elevated, and thus may be contributing to OA
progression.
Methods: To induce obesity, C57BL/6 mice were maintained on a
high-fat diet (60% energy from fat) starting at 4 weeks of age while
lean C57BL/6 control mice were fed a normal chow diet. Knee
joints from obese and age-matched, lean mice were evaluated
by histology following toluidine blue staining at 8, 16, 24, 28, 32,
36, 46, 51, 59 and 64 weeks of age. Body weights of mice were
recorded throughout the study and at time of sacriﬁce. Cartilage
was scored for degeneration across the medial and lateral com-
partments of the femur and tibia and osteophyte formation was
also scored. In the animals receiving a surgically-induced injury, a
medial meniscectomy was performed at 17 and 24 weeks of age
in obese and lean control mice. Three weeks following surgery,
knee joints were collected and processed for histology. A Milli-
pore Luminex kit (22-plex) was used to analyze systemic cytokine
levels.
Results: The body weights of mice on the high-fat diet were
signiﬁcantly higher relative to chow-fed, lean controls starting from
16 weeks of age continuing throughout the study. Total cartilage
degeneration scores increased with animal age in both obese and
lean groups, however, cartilage lesions were more severe in obese
mice compared to age-matched, lean controls, reaching statistical
signiﬁcance at 59 and 64 week of age. An increase in osteophyte
formation was noted for obese mice starting at 24 weeks. In
the meniscectomized mice, the cartilage degeneration score was
signiﬁcantly higher in the 27-week-old obese mice when compared
to age-matched, lean controls. Several pro-inﬂammatory cytokines
including IL-1α, IL-1β, IL-9, IL-12p70 and MCP-1 were elevated in
obese mice relative to lean controls at 32 weeks of age. Signiﬁcant
increases in circulating levels of KC (46 and 51 weeks) and MCP-1
(59 and 64 weeks) were detected in obese mice compared to lean
controls.
Conclusions: Obese mice maintained on a high-fat diet were
more susceptible to OA development compared to lean, age-
matched control mice as demonstrated by increases in the car-
tilage degeneration score and by the increase in osteophyte
formation. Moreover, following medial meniscectomy, DIO mice
developed more severe cartilage lesions and larger osteophytes
relative to their lean controls. Elevated plasma levels of several
pro-inﬂammatory cytokines, in addition to increase in mechanical
loading, may contribute to acceleration of OA progression in obese
mice.
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Purpose: Animal models are frequently used in medical research.
The use of the Pond-Nuki model is well established in the ﬁeld
of Osteoarthritis. In the past years, the use of 3D kinematics
has gained in popularity because it provides objective means of
assessing the function of joints/limbs. To this date, most in vitro
studies analyzing kinematics of the canine stiﬂe were made in 2D
under low static loads. To the authors’ knowledge, this model is the
ﬁrst quasi-dynamic weight bearing in vitro model of 3D kinematics
of the canine stiﬂe.
Goal: Our goal was to design an experimental device simulating
a quasi-dynamic model of the stance phase at trot of the canine
hind limb under near physiologic conditions
Hypotheses: 1) The device allows reliable measurements with
low intra-specimen and inter-specimen variability.
2) Kinematics generated by the device is representative of reported
in vivo 3D kinematics.
3) Peak vertical forces generated by the loaded limbs in the device
are comparable to those recorded in the literature for a trotting
dog during the stance phase.
Methods: A theoretical model of the canine hind limb was devel-
oped in order to calculate relative motion of the femur and tibia
during the stance phase. An experimental device was built from
this model.
Six normal paired hind limbs were harvested from 3 adult large
breed dogs euthanatized for reasons unrelated to this study. The
dogs were similar in age, size and body weight (range, 29.5-31 kg).
The limbs were prepared and mounted on the device and were
submitted to vertical loading (9 kg). The gait was simulated with
a computerized sequence using a linear actuator and a rotational
motor. The stance phase of the gait at walk was simulated three
times on each hind limb. Kinematics of the tibia and femur was
measured with an optoelectronic system. Kinematics’ curves were
generated using Euler angles with the method of Grood and
Suntay. Vertical ground reaction forces were measured with a 2.5
kN axial/torsion force transducer (MTS). Validation consisted in
evaluating intra and inter-specimen variability of the 3D kinematics’
curves of the stiﬂe. Amplitude of motion and peak ground reaction
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